INTRODUCTION {#sec1-1}
============

In India, anemia is a common and serious health disorder among both sexes and all age groups, although it has a higher prevalence among women than men.\[[@ref1]\]

Anemia of chronic disease (ACD) is the second most prevalent anemia after iron deficiency anemia, and occurs in patients with acute or chronic immune activation. Thus, the condition has been termed "anemia of inflammation."\[[@ref2]\]

ACD is defined as anemia occurring in chronic infections, inflammatory conditions, or a neoplastic disorder, which is not caused by marrow deficiencies or other diseases, and occurring despite the presence of adequate iron stores and vitamins.\[[@ref3]\] Typically, ACD is a mild-to-moderate, normochromic/normocytic anemia, and is characterized by decreased serum iron and total iron-binding capacity, with normal or increased iron stores.\[[@ref3]\] It is immune driven; cytokines and cells of the reticuloendothelial system induce changes in iron homeostasis, proliferation of erythroid progenitor cells, production of erythropoietin, and life span of red cells, all of which contribute to the pathogenesis of anemia.\[[@ref2]\]

Periodontitis is an inflammatory disease of the supporting tissues of the tooth caused by specific microorganisms in a susceptible host. Just as the periodontal tissues mount an immune inflammatory response to bacteria and their products, systemic challenges with these agents also induce a major vascular response.\[[@ref4]\] Chronic periodontitis is the most common form of periodontal disease, which progresses relatively slowly and is more common in adults.\[[@ref5]\]

It is, therefore, speculated that periodontitis results in low-grade systemic inflammation, which may cause lower number of erythrocytes and, consequently, lower hemoglobin (Hb) concentration.\[[@ref6][@ref7]\] However, conflicting results have been reported regarding the association of periodontal disease and anemia.

The purpose of this study is to investigate whether patients with chronic periodontitis have an anemic status and the effect of non-surgical periodontal therapy on red blood cell (RBC) analyses of patients with chronic periodontitis over a 6-month period.

MATERIALS AND METHODS {#sec1-2}
=====================

In this 6-month follow-up randomized controlled double-blind study, male patients of age between 20 and 50 years were selected from the outpatient department. The patient and the pathologist who performed the blood analysis were blinded to the study. The intra-oral examination was done by a single examiner to reduce error. A detailed systemic and family history was recorded. Patients with a history of systemic diseases or conditions that may adversely affect periodontal health were excluded from the study. The exclusion criteria for the study were as follows: (1) female patients; (2) smokers; (3) history of periodontal treatment or use of vitamin, antibiotics, or iron supplements within previous 6 months; (4) individuals who suffered from any acute or chronic medical conditions including diabetes, or viral, fungal, or bacterial infection; and (5) individuals who suffered from malaria or jaundice in the last 1 year \[[Table 1](#T1){ref-type="table"}\]. Clinical parameters assessed were probing pocket depth (PPD), clinical attachment loss (CAL), gingival index (GI), and plaque index (PI). Patients diagnosed with chronic periodontitis, having a probing depth of ≥5 mm in \>30% sites and CAL ≥ 2 mm at 30% sites,\[[@ref5]\] were included in the test group (*n* = 50). The control group (*n* = 50) included periodontally healthy male patients with no PPD and CAL \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. Patients were informed regarding the benefits and protocol of the study and a written informed consent was taken from all the patients.

###### 

Demographic characteristics of the study population
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Red blood cell analysis {#sec2-1}
-----------------------

*At baseline*: All the blood samples of the test and control groups were assessed at the pathology laboratory. Ten milliliters of venous blood samples were collected by venipuncture under aseptic conditions in the antecubital fossa. The blood was transferred into ethylenediaminetetraacetic acid containing bulbs. The samples were processed within 4 h of collection in an automated hematology analyzer and semi-automated (ok) 3-part differential cell counter ACT-8 Beckham Coulter. The parameters assessed were RBC count, Hb concentration, hematocrit value, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC).

Non-surgical periodontal therapy consisting of scaling and root planing was performed on patients in the test group (*n* = 50) and oral prophylaxis was performed in the control group (*n* = 50). Oral hygiene instructions were given to the patient. Patients were advised to use 0.2% chlorhexidine mouthwash, 10 ml twice daily for 15 days.

*At 6 months*: Patients of the test and control groups were recalled. Clinical parameters and RBC parameters were re-assessed and oral prophylaxis was performed. Oral hygiene instructions were given to the patient.

Statistical analysis {#sec2-2}
--------------------

Student\'s *t*-test was performed with appropriate Microsoft Excel software for a comparative analysis of outcome parameters between test and control groups at baseline and 6 months. Means and standard deviations of all the parameters were calculated for both groups. To illustrate the differences between groups, two-tailed *P* value was used, which was considered statistically significant if \<0.05.

RESULTS {#sec1-3}
=======

The mean and standard deviation of all blood and clinical parameters in the test and control groups are presented in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}, respectively.

Hb concentration, hematocrit value, and RBC count in the test group at baseline were below the normal reference range \[[Table 2](#T2){ref-type="table"}, [Graphs 1](#G1){ref-type="fig"}--[3](#G3){ref-type="fig"}\], whereas in the control group, they was well within the normal reference range \[[Table 3](#T3){ref-type="table"}, [Graphs 1](#G1){ref-type="fig"}--[3](#G3){ref-type="fig"}\]. This suggested that patients with chronic periodontitis had Hb concentration, hematocrit value, and RBC count below the normal reference range at baseline, as compared to the controls at baseline. At 6 months after non-surgical periodontal therapy, Hb concentration, hematocrit value, and RBC count in the test group showed a statistically significant increase, indicating that non-surgical periodontal therapy has a positive effect on the anemic status of the patients \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}, [Graphs 1](#G1){ref-type="fig"}--[3](#G3){ref-type="fig"}\].

###### 

Hematological parameters at baseline and 6 months in the test group
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###### 

Hematological parameters at baseline and 6 months in the control group
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![Comparison of Hb at baseline and 6 months in the test and control groups](JISP-18-19-g006){#G1}

![Comparison of hematocrit value at baseline and 6 months in the test and control groups](JISP-18-19-g007){#G2}

![Comparison of RBC count at baseline and 6 months in the test and control groups](JISP-18-19-g008){#G3}

MCV, MCH, and MCHC values at baseline in the test as well as the control group were well within the normal reference range \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}, [Graphs 4](#G4){ref-type="fig"}--[6](#G6){ref-type="fig"}\], indicating that patients with chronic periodontitis had ACD which is a normocytic, normochromic anemia.
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![Comparison of MCH at baseline and 6 months in the test and control groups](JISP-18-19-g010){#G5}

![Comparison of MCHC at baseline and 6 months in the test and control groups](JISP-18-19-g011){#G6}

Clinical parameters measured showed a statistically significant decrease from baseline to 6 months after non-surgical periodontal therapy in the test group \[[Table 4](#T4){ref-type="table"}, [Graphs 7](#G7){ref-type="fig"}--[10](#G10){ref-type="fig"}\]. Clinical parameters in the control group were within the normal reference range at baseline and 6 months \[[Table 5](#T5){ref-type="table"}, [Graphs 7](#G7){ref-type="fig"}--[10](#G10){ref-type="fig"}\].

###### 

Clinical parameters at baseline and 6 months in the test group
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![Comparison of GI at baseline and 6 months in the test and control groups](JISP-18-19-g013){#G7}

![Comparison of PI at baseline and 6 months in the test and control groups](JISP-18-19-g014){#G8}
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###### 

Clinical parameters at baseline and 6 months in the control group
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DISCUSSION {#sec1-4}
==========

In the present study, the Hb concentration, hematocrit value, RBC count, MCV, MCH, and MCHC in the control group at baseline and 6 months were in the normal reference range. These results are in accordance with the results of the studies conducted by Hutter *et al.*,\[[@ref6]\] Gokhale *et al.*,\[[@ref8]\] and Naik *et al.*\[[@ref5]\]

The Hb concentration, hematocrit value, and RBC count in the test group at baseline were below the normal reference range, whereas the MCV, MCH, and MCHC were in the normal reference range. These results are in accordance with the results of the studies conducted by Lainson *et al.*,\[[@ref7]\] Hutter *et al.*,\[[@ref6]\] Gokhale *et al.*,\[[@ref8]\] and Naik *et al.*\[[@ref5]\] Aljohani *et al.*\[[@ref9]\] and Wakai *et al.*\[[@ref10]\] in their studies found no correlation between Hb levels and periodontal status, when they compared Hb levels in patients with periodontitis of different severity, whereas in the present study, Hb level in periodontitis patients versus healthy controls was compared.

After non-surgical periodontal therapy which included scaling and root planing, a statistically significant increase in the Hb concentration, hematocrit value, and RBC count in the test group at 6 months was seen. These results are in accordance with the results of the studies conducted by Hutter *et al.*,\[[@ref6]\] Gokhale *et al.*,\[[@ref8]\] Naik *et al.*,\[[@ref5]\] and Pradeep *et al.*\[[@ref4]\] According to these authors and a few studies\[[@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18]\] in the past, periodontitis patients have elevated levels of acute phase proteins, interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF). These inflammatory mediators are shown to suppress mature erythroid progenitors\[[@ref19]\] and inhibit *in vitro* colony formation by erythroid burst-forming units and erythroid colony-forming units from normal human marrow.\[[@ref20][@ref21][@ref22]\] Inhibition of erythropoietin, the hormone responsible for erythropoiesis, was also seen.\[[@ref23]\] This leads to decrease in RBC count.

Some studies also showed a disturbance in iron regulatory system. *In vitro* stimulation of fresh human hepatocytes with IL-6 showed strong induction of hepcidin, a liver hormone which caused disturbance in iron regulatory mechanism.\[[@ref24]\] Hepcidin causes ferroportin internalization and degradation, thereby decreasing iron transfer into blood plasma from the duodenum, from macrophages involved in recycling senescent erythrocytes, and from iron-storing hepatocytes, with the iron stores being adequate. This response restricts the iron supply to erythropoietic precursors, and hence, a decrease in Hb count was seen.\[[@ref25]\]

The GI, PI, CAL, and PPD values showed a significant improvement in the test group from baseline to 6 months after non-surgical periodontal therapy consisting of scaling and root planing. These results are in accordance with the study results of Pradeep *et al.*\[[@ref4]\]

Epidemiological studies suggest that periodontitis is associated with an increased risk for systemic diseases like cardiovascular diseases, cerebrovascular ischemia, atherosclerosis, and preterm low birth of infants.\[[@ref26]\]

In India, anemia is more prevalent in females because of poor nutrition, increased menstrual losses, high incidence of tropical and intestinal infections, and other miscellaneous factors. Iron deficiency anemia is the most common type of anemia seen in India. Females are also prone to hormonal imbalance during puberty, during the reproductive phase, and toward menopausal age. The microbial flora and host immune response are altered leading to exaggerated response of the periodontal tissues to local factors.\[[@ref27]\] Therefore, to eliminate bias, only male patients were included in the study.\[[@ref8]\]

Smokers were also excluded from the study. Various studies\[[@ref28][@ref29][@ref30]\] have evaluated the PPD, CAL, PI, GI, and radiographic bone measurements of smokers and non-smokers, and found a positive correlation between smoking and these clinical parameters. Studies also indicate elevated concentrations of TNF and IL-6 as a consequence of smoking.\[[@ref31]\]

The present study shows an association between chronic periodontitis and signs of anemia, which suggests a measurable effect of periodontitis on the systemic condition of the patient.

This study also suggested that non-surgical periodontal therapy had a positive effect on the Hb count, RBC count, and hematocrit value at the end of 6 months.

Decreased MCV values suggest microcytosis which is most commonly caused by iron deficiency anemia and elevated levels of MCV suggest macrocytosis caused by vitamin deficiency. In this study, MCV values were in the normal reference range for both chronic periodontitis group and periodontally healthy group at baseline as well as 6 months post non-surgical periodontal therapy. This suggested that the anemic status was not due to iron deficiency or vitamin deficiency, as the MCV values decrease or increase in such conditions.

A decrease in the MCH value is seen in microcytic anemia caused due to iron deficiency, whereas an increase in MCH value is seen in macrocytic anemia caused due to vitamin deficiency. The present study shows MCH values within the reference range for both the groups at baseline and 6 months, indicating the anemia to be normocytic as seen in ACD.\[[@ref4]\]

Though the mean Hb count is lower than the normal values, MCHC is within the normal reference ranges in both the groups at baseline and 6 months, indicating that the Hb concentration per volume of packed red cell is normal. MCHC within the normal reference range indicates normochromic anemia, as seen in ACD.\[[@ref4]\]

The limitation of this study was that an analysis of serum ferritin levels and the soluble serum transferring receptor concentration, or a bone marrow examination was necessary to quantify the iron stores and definitely distinguish between ACD and iron deficiency anemia. Another limitation of the study was the small sample size. Therefore, further studies with a larger sample size should be conducted and the serum ferritin levels must also be assessed.

CONCLUSION {#sec1-5}
==========

A correlation was found between chronic periodontitis and decreased levels of Hb, hematocrit value, and RBC count, suggesting that anemia is induced by inflammation caused in patients suffering from periodontal disease. The study also provides evidence that non-surgical periodontal therapy can improve the anemic status of the patients. Further cohort studies with a larger sample size are needed to find an association between chronic periodontitis and anemia and the effect of periodontal treatment on the anemic status of these patients.
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